SPECIFICATION 
TITLE OF THE INVENTION 

LINEAR MOTOR, ITS CONTROLLING METHOD, AND XY TABLE 

FIELD OF THE INVENTION 

The present invention relates to a linear motor, a 
method for controlling the linear motor, and an XY table for 
moving objects in two directions. The XY table is used to 
move wafers in two directions, for example, so as to process 
the surface of each wafer in a manufacturing process of 
integrated circuits . 

BACKGROUND OF THE INVENTION 

Generally, a linear motor is provided with a primary 
member and a secondary member. The primary member has a 
plurality of magnetic pole teeth. The secondary member is 
supported by the primary member through a gap so that it can 
move relatively with respect to the primary member. An 
electromagnetic coil is wound commonly on a plurality of the 
same polarity teeth so that the linear motor is reduced in 
size. Such a linear motor is disclosed in the official 
gazette of JP-A No. 174418/1998 (hereinafter, to be referred 
to as the patent document 1) . The official gazette of JP-A 
No * 28875/2001 (hereinafter, to be referred to as the patent 
document 2) also discloses another linear motor that is 
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further reduced in size by winding an electromagnetic coil 
on all of the teeth of both magnetic polarities. 

Furthermore, the official gazette of JP-A No, 85045/61 
(hereinafter, to be referred to as the patent document 3) 
discloses still another linear motor in which a permanent 
magnet is disposed between magnetic poles to reduce the leak 
magnetic field. 

[Patent document 1] Official gazette of JP-A No. 177418/1998 
[Patent document 2] Official gazette of JP-A No . 28875/2001 
[Patent document 3] Official gazette of JP-A No . 85045/1986 

According to the linear motors disclosed in the patent 
documents 1 and 2, when a driving current flows in the 
electromagnetic coil wound on the core, the magnetic flux 
density in the core increases to cause magnetic saturation. 
In such a state, the core cannot lead the magnetic flux 
effectively any longer, thereby the thrust force does not 
increase how much the driving current increases. This is 
because the electromagnetic coil is wound commonly on the 
plurality of magnetic pole teeth, thereby the coil comes to 
go away from the end of the magnetic pole teeth. 

According to the linear motor disclosed in the patent 
document 3, in which a permanent magnet is disposed between 
magnetic poles to reduce the leak magnetic field, the use 
of such permanent magnets is limited only when no change with 
time occurs in the direction of the leak magnetic field. 
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Generally, the direction of the leak magnetic field changes 
with time. This is why the use of permanent magnets is not 
proper for linear motors. 

SUMMARY OF THE INVENTION 

Under such circumstances, it is an object of the 
present invention to provide a linear motor compact in 
structure and larger in maximum thrust force to solve the 
above conventional problems. 

According to one of the features of the present 
invention, in each of the linear motor and the XY table, a 
conductor is disposed between magnetic pole teeth adjacent 
to each other in the moving direction of the secondary 
member. Consequently, the leak magnetic flux from between 
the magnetic pole teeth is reduced even when magnetic 
saturation occurs in the primary member core, thereby the 
maximum thrust force of the linear motor increases. 

According to another feature of the present 
invention, the method for controlling the above linear motor 
flows a current in the conductor disposed between the 
adjacent magnetic pole teeth so as to generate a magnetic 
flux in a direction for disturbing the magnetic flux flow 
between the adjacent magnetic pole teeth. Consequently, the 
leak magnetic flux from between the adjacent magnetic pole 
teeth is reduced even when magnetic saturation occurs in the 
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primary member core, thereby the maximum thrust force of the 
linear motor increases. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a basic block diagram of a linear motor in 
the first embodiment of the present invention; 

FIG. 2 is a basic block diagram of a linear motor in 
the first variation of the first embodiment of the present 
invention; 

FIG. 3 is a basic block diagram of a linear motor in 
the second variation of the first embodiment of the present 
invention; 

FIG. 4 is a basic block diagram of a linear motor in 
the second embodiment of the present invention; 

FIG. 5 is a basic block diagram of a linear motor in 
a variation of the second embodiment of the present 
invention; 

FIG. 6 is a concept chart of the linear motor of the 
present invention in which a plurality of primary member 
units are disposed serially; 

FIG. 7 is a concept chart of the linear motor of the 
present invention in which a plurality of primary member 
units are disposed in parallel; 
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FIG. 8 is a concept chart of the linear motor of the 
present invention in which a plurality of secondary member 
units are disposed serially; 

FIG. 9 is a concept chart of the linear motor of the 
present invention in which a plurality of secondary member 
units are disposed in parallel; and 

FIG. 10 is a basic block diagram of an XY table in the 
third embodiment of the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Hereunder, the preferred embodiments of the present 
invention will be described with reference to the 
accompanying drawings. FIG. 1 shows a basic block diagram 
of a linear motor in an embodiment (hereinafter, to be 
referred to as the first embodiment) of the present 
invention. The linear motor in this first embodiment 
comprises a primary member 10 and a secondary member 20. The 
primary member 10 includes first and second cores 11a, lib 
formed with a magnetic material respectively, an 
electromagnetic coil composed as a conductor wound commonly 
on a plurality of magnetic pole teeth of the first and second 
cores 11a, lib, and an electromagnetic coil 15 disposed 
between the magnetic pole teeth. The secondary member 20 
supported so that it can move relatively with respect to the 
primary member 10 with a gap therebetween. Generally, in 
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such a linear motor, the primary member is fixed while the 
secondary member is driven or the secondary member is fixed 
while the primary member is driven. The present invention 
may employ any of the driving methods. In this first 
embodiment, a description will be made on the assumption 
that the secondary member is driven. The magnetic material 
used to form the core 11 is usually iron, but it may be 
another material. A permanent magnet 21 is fixed to the 
secondary member 20 and the magnetic pole teeth are disposed 
so that one magnetic polarity 21a and the other magnetic 
polarity 21b appear alternately in the moving direction of 
the secondary member. 

The first core 11a has a first facing portion at which 
the magnetic pole teeth 13a and 13b face each other while 
the second core lib has a second facing portion at which the 
magnetic pole teeth 14a and 14b face each other. The 
magnetic polarity differs between the first and second 
facing portions. If a current flows in the electromagnetic 
coil 12, the magnetic flux flow in the first facing portion 
is reversed from that in the second facing portion. For 
example, if a current flows in the coil 12 in the direction 
of an arrow 31, the magnetic flux flow in the first facing 
portion goes down (from 13a to 13b) while that in the second 
facing portion goes up (from 14b to 14a). 
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The core 11 has two magnetic polarities; the first 
polarity (magnetic flux source) 16a and the second polarity 
16b. The first polarity is of the magnetic pole teeth 13a 
and 14b separated in the first step (13a) and in the second 
step (14b) so as to be disposed approximately vertically to 
the moving direction of the secondary member 20 while the 
second polarity is of the magnetic pole teeth 14a and 13b 
separated in the first step (14a) and in the second step 
(13b) so as to be disposed approximately vertically to the 
moving direction of the secondary member 20. In each of the 
first and second steps, the teeth in arrays are disposed so 
that one polarity and the other polarity appear alternately. 
The magnetic polarity differs between the teeth array and 
the other teeth array. For example, if a current flows in 
the coil 12 in the direction of the arrow 31, the magnetic 
flux flow in one polarity teeth array goes out from the teeth 
while that in the other polarity teeth array comes in the 
teeth. In the space between the teeth 13a and 14a in the 
first step and the teeth 13b and 14b in the second step, a 
region in which a magnetic field is generated in the 
direction from the teeth in the first step to the teeth in 
the second step and a region in which a magnetic field is 
generated in the direction from the teeth in the second step 
to the teeth in the first step are disposed alternately when 
a current flows in the coil 12. The secondary member 20 is 
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disposed in the space with a gap therebetween and it moves 
in accordance with the magnetic field generated in the 
primary member. 

An electromagnetic coil 15 is disposed between the 
adjacent magnetic pole teeth of the first core and the second 
core (ex., between the teeth 13a and the teeth 14a) in the 
moving direction of the secondary member. The coil 15 
reduces the leak magnetic flux from between those teeth . The 
coil 15 is wound on an axis, which is the moving direction 
of the secondary member 20 and the coil 15 is powered so as 
to prevent the magnetic field generated by the current flow 
in the coil 12 wound commonly on both first and second cores 
from leaking to between the magnetic pole teeth. 
Consequently, the leak magnetic flux that passes between the 
adjacent teeth is reduced even when magnetic saturation 
occurs in the core 11, thereby the thrust force of the linear 
motor increases. The coil 15 may be kept powered or powered 
only when the linear motor is required to output a large 
thrust force. And, instead of the coil 15, a superconductor 
may be disposed between the magnetic pole teeth to obtain 
the Meissner effect for reducing the leak magnetic flux. 

This is why the linear motor of the present invention 
is suitable for obtaining a large thrust force 
instantaneously, for example, suitable for such products as 
circuit-breakers, change gears, etc. 
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The coil 15 disposed between the upper magnetic pole 
teeth as shown in FIG. 1 may also be disposed between lower 
magnetic pole teeth as shown in FIG. 2. And, the coil 15 
may also be disposed between both upper and lower magnetic 
pole teeth as shown in FIG. 3. 

FIG. 4 shows a block diagram of a linear motor in 
another embodiment (hereinafter, to be referred to as the 
second embodiment). In this second embodiment, a core 11 
of a primary member 10 has an opening 17 wide enough to insert 
the secondary member 20 roughly vertically to the moving 
direction of the secondary member 20. If the center portion 
22 of the secondary member 20 is displaced from the center 
18 of the magnetic pole teeth 13, a magnetic attraction force 
works between the secondary member 20 and the primary member 
10 to return the secondary member 20 to position. 
Consequently, the supporting mechanism of the secondary 
member 20 may become loose comparatively in the direction 
towards the center 18 of the magnetic pole teeth. In 
addition, it is possible to reduce the load applied on the 
supporting mechanism that supports the secondary member 20 
if a magnetic attraction force is generated to cancel the 
load applied to the secondary member 20 when the secondary 
member 20 is supported while it is displaced from the center 
18 of the magnetic pole teeth 13a. 
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The coil 15 disposed between magnetic pole teeth is 
powered just like in the first embodiment so as to prevent 
the magnetic field generated by the current flow in the coil 
12 from leaking to between those teeth. The coil 15 may be 
kept powered or powered only when the linear motor is 
reguired to output a large thrust force. 

The coil 15 disposed between magnetic pole teeth at 
one side of the secondary member as shown in FIG. 4 may also 
be disposed at both sides of the secondary member 20 as shown 
in FIG. 5. 

In the first and second embodiments, the permanent 
magnet 21 fixed to the secondary member 20 may be replaced 
with a field magnet coil that generates a magnetic field with 
a current flown therein. In that connection, a magnetic 
material may be provided as the core of the field magnet 
coil . The permanent magnet may also be used as a field magnet 
coil. The field magnet coils may be disposed in layers 
partially. The field magnet coil may be printed and wired 
on a substrate. 

The secondary member 20 may be provided with a core 
formed with a magnetic material so that a magnetic convex 
and a magnetic concave appear alternately in the moving 
direction of the secondary member, thereby a reluctance 
force is generated due to a difference between the magnetic 
resistance values and used as a thrust force. In that 



-10- 



connection, the permanent magnet may be fixed to the 
secondary member 20 so as to be used as the above core, as 
well. The magnetic concave may be formed with a non-magnetic 
material. In addition, the cross sectional view of the 
secondary member 20 may not be rectangular; it may be 
circular or oval, for example. 

As described above, in the first and second 
embodiments, the primary member 10 may be fixedly supported 
and the secondary member 20 may be movably supported or the 
secondary member 20 may be fixedly supported and the primary 
member may be movably supported. 

In the final aspect of the linear motor, the primary 
member 10 shown in FIG. 1 is assumed as one primary member 
unit and a plurality of the primary member units are 
disposed, then each primary member unit is required to take 
a phase. And, if it is assumed that the number of phases 
is m (m = 2, 3, 4, ..-) and the magnetic pole pitch is P, 
the pitch of the different magnetic poles of the primary 
member units in the moving direction of the secondary member 
satisfies kP+nP/m (k = 0, 1, 2, 3, . . . , n = 1, 2, . . . , m) . 
Each of the primary member units 10a, 10b, and 10c may be 
disposed serially as shown in FIG. 6 or in parallel as shown 
in FIG. 7. When the primary member units are disposed such 
way, the thrust force pulsation is reduced significantly. 
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Otherwise, the secondary member 20 is composed of a 
plurality of units and each primary member unit takes a phase 
upon itself and the pitch of the different magnetic poles 
of the secondary member units in the moving direction of the 
secondary member satisfies kP+nP/m (k= 0,1,2,3,..., n= 
l,2,...,m) . In that connection, each of the secondary member 
units 20a, 20b, and 20c may be disposed serially as shown 
in FIG. 8 or in parallel as shown in FIG. 9. In the 
configuration shown in FIG. 8, however, the core 11 of the 
primary member 10 must have an opening just like in the 
second embodiment . 

FIG. 10 shows a basic block diagram of an XY table in 
still another embodiment (hereinafter, to be referred to as 
the third embodiment) of the present invention. In FIG. 10, 
reference numbers are defined as follows; 101 denotes a 
base, 102 denotes a rail of a linear guide unit, 103 denotes 
a stage, 108 denotes an arm for supporting the linear guide 
unit 102, 3X denotes a primary member of an X-axis motor> 
3Y denotes a primary member of a Y-axis motor in the 
direction of crossing the X axis, 3Z denotes a primary member 
of a Z axis motor. 6X, 6Y, and 6Z denote secondary members 
of the X, Y, and Z axis motors, which are the same as those 
shown in the above embodiments. The primary member 3X of 
the X axis motor and the primary member 3Y of the Y axis 
motor drive the X axis and the Y axis respectively to drive 
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the table 103. In this embodiment, the secondary members 
6X and 6Y are driven, but the primary members 3X and 3Y may 
be driven. 

As described above, according to the present 
invention, the maximum thrust force of the linear motor or 
XY table can be increased. 
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